Levy: Pathological Change8 in Electric Shock
The three-phase alternating current system was introduced later. In 1909, the Board of Trade Regulations were again revised and as regarded factory premises all limitations as to pressure of supply were removed. The tendency had been towards increased use oL alternating currents at high pressures.
Nearly all the accidents which occurred were due to persons touching one conductor only, when standing on ground which was not insulating. He had noticed that, when the shock was clearly as severe and as prolonged as that which had often produced death, when the victim had had a subsequent severe fall, he had recovered, and he suggested that this fact pointed to a possible and promising new method of resuscitation, applicable even in cases where cardiac fibrillation had supervened, by means of a counter mechanical shock. He asked that the medical profession should seriously consider it and advise how such a couinter shock should be administered to the patient. The immediate effect of a low pressure alternating current shock was that the victim became rigid but was still able to shout for assistance or give directions for switching off the current. The area of contact was not important. Fatalities had occurred from contact of the tips of the fingers with ordinary tumbler switches. During th.e preceding month there had been a fatal case from contact with the small leading in wires of a broken lamp.
Dr. A. G. LEVY said that he did not think it was possible for anyone who had had experimental experience of the result of applying a faradic current to the ventricles. to do otherwise than agree with those experimental workers (Cunningham, Oliver and Bolam, Pr6vost and Batelli) who concluded that the most common form of death from electric shock was due to fibtillation of the ventricles.
The application of a faradic current directly to the mammalian ventricles caused them to pass into fibrillation, with a consequent total cessation of function. This result was not absolutely instantaneous, for a series of responses to the induction shocks occurred at intervals before fibrillation was established, but the more rapid the succession of interruptions the more rapidly was the result attained; the actual time taken varied from a fraction of a secofid to several seconds.
The same thing happened when an interrupted current traversed the heart in passing through the -body, and a fatal or non-fatal result of a shock would depend upon the efficacy of the contact and the course taken by the current. Most experimental observers were agreed that currents of very high voltage, 1,200 volts and over, failed to affect the heart when passed from head to foot, but that they did so when passed directly through the thorax, had been demonstrated by Pr6vost and Batelli.' The reason for this remarkable deflection of high voltage currents from the heart had not been explained, so .far as he was aware.
Provost and Batelli had produced fibrillation by the passage of powerful single shocks from a condenser through the body at intervals of a few seconds. A succession of shocks was found necessary, and it was concluded that their effect was cumulative, but this would appear not to be the case. It had been shown by G. R. Mines' that a single shock would cause fibrillation if thrown in at the exact moment of cessation of the refractory period; at other moments it was either ineffective or produced an extra systole. It would thus appear that a person's heart might escape uninjured from a powerful single shock unless he were unfortunately struck at a precise and momentary phase of the cardiac cycle.
It had long been known that the application of a constant current to the ventricles would set up fibrillation, but with far fess constancy and facility than by the faradic current. The mechanism involved in this connexion had not been investigated, and he was unable to give any further information, but it was evident that strong constant currents passed through the thorax would kill by ventricular fibrillation (Provost and Batelli).
The respirator phenomena following fibrillation when the respiratory centre was not affected was illustrated by a slide shown. The respirations continued, they became exaggerated from asphyxia of the centre, and then failed entirely owing to the cessation of the circulation. In men, it was said, these respirations might continue from one to one and a half minutes after cardiac syncope, and thus one might be presented with the remarkable spectacle of free respiration in a person apparently otherwise moribund from electric shock. In animals asphyxial convulsions frequently occurred, and the powerful expiratory efforts gave rise to loud moans, so that it was difficult to realize that death had occurred. Oliver and Bolam stated they had heard a dog bark after cardiac stoppage.
Ventricular fibrillation was generally regarded as a necessary fatal condition, but spontaneous recovery was very frequent in some animals, and with the return of the normal beat the respiration was resumed unless the centre had been damaged. It was his (Dr. Levy's) personal conviction that spontaneous recovery was not uncommon in man, but it could not occur at a later period than about two minutes from the onset of fibrillation. He would, therefore, expect that persons struck down by an electric shock, with the heart stopped and apparently dead, sometimes returned to life within the stipulated period, and that quite spontaneously. Apart from the chance of spontaneous recovery, ventricular fibrillation occurring under the conditions of electric shock would appear to be a hopeless condition. Artificial respiration had been supposed, on the authority of Oliver and Bolam, to stop fibrillation; he had read the description of the experiment upon which this statement was based, and he found it incomprehensible. It might be taken as a fact that artificial respiration had no such effect.
" Massage" of the fibrillating ventricles was a certain means of restoring the action of the heart in the cat, and he believed almost equally so in man if properly carried out, but it was useless unless it could be put in force almost immediately; ten minutes was the maximum of time that the nerve centres could be deprived of blood without undergoing perifanent damage; five minutes was the standard interval allowable. It followed that cardiac massage was not a practical measure, except for accidents occurring within the precincts of an operating room.
Pr6vost sand Batelli had shown that single electric shocks which were strong, but not too strong, would restore the fibrillating ventricles to a normal beat, and Batelli had amplified these observations with the interrupted current. It was conceivable how the brief application of a strong current might cause a contraction of that region of the cardiac muscle which remained excitable, thus causing the whole ventricle to be momentarily in a refractory condition, and so the progress of a circulating wave was necessarily blocked. But this method, according to Batelli must be employed within fifteen seconds of the accident; after that it was ineffective, but it again became effective after massage of the ventricles. There did not appear to be any hope of evolving a practical application from these observations, but they were perhaps worthy of further consideration and research.
Most experimental observers were agreed that the respiration might be paralysed by currents of high voltage, either momentarily or even permanently, if the currents passed through the head or neck, and this occfirred even though the heart escaped. It was evidently so in animals, but such accidents must from their nature be rare in man, for it must be seldom that contact was made through the head or neck. A person thus affected, with suspended respiration and a beating heart, became blue from asphyxia, and hence there was an obvious indication for urgent artificial respiration, which should be continued as long as there was any indication of a heart beat. When, however, as must be more usual, the heart alone was paralysed, the patient was blanched withou any cyanotic tinge, and the only chance of resuscitation was through spontaneous recovery of the heart, which was followed by restoration of the respiration. It was well, however, to bear in mind the possibility of both heart and respiration being paralysed together, so that it would be advisable to practise artificial respiration for a brief period even in cases of obvious cardiac syncope, in anticipation of a cardiac recovery. There was, therefore, reason for the accepted rule to proceed to artificial respiration immediately in all cases of electrical accidents, although its efficacy appeared to have been greatly exaggerated.
He had now dealt with the cardiac aspect of the case as far as time permitted, but in conclusion he would remind them of the advice which had beeni given, to use the foot in preference to the hand for disengaging tb victim or detaching a live wire in cases of extreme urgency; it did not appear possible to stop the heart by any current which passed from leg to leg.
Dr. BERNARD SPILSBURY said that he had made about a dozen post-mortem examinations in cases of death from electric shock. In almost all cases it was possible to determine the point of entrance and exit of the current by means of injuries and burns inflicted. Haemorrhages beneath or in the skin were very constantly found. In the majority there was haomorrhage into the muscles, and in one case a muscle was partially ruptured from violence of contraction. He had never found injuries to bone or periosteum. Usually there were absent any indications that the current had passed through the deeper structures of the body. He thought that in many cases the discharge might go through the skin mainly and death be the result of stimulation of sensory nerves. There were many parts of the body at which sudden stimulation of the sensory nerves might produce instant death, such as the nasal and laryngeal membranes. A
